online | memorias.ioc.fiocruz.br Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 107(2): 194-197, March 2012 Toxocariasis is the clinical presentation of human infection by Toxocara canis and (less frequently) Toxocara cati, which are roundworms that live in the small intestines of dogs and cats, respectively. Human infection occurs by accidental ingestion of embryonated Toxocara eggs present in contaminated soil or on dirty hands. Infection can also occur by eating contaminated meat from paratenic hosts containing encapsulated larvae. The infective larvae hatch in the duodenum, but fail to develop to mature adult stages and migrate through the somatic organs for a period that ranges from months to several years (Despommier 2003) .
Human infection is present worldwide and is a consequence of the human habit of keeping dogs and cats for company, which favours the persistence of the parasite in the environment and its transmission (Mizgajska 2001 , Delgado & Rodriguez Morales 2009 ). Despite its extensive geographical distribution, infection is more frequent in tropical and subtropical regions, especially in populations with poor sanitary conditions (Magnaval et al. 2001) .
Because of the difficulty of detecting larvae in human tissues, the diagnosis of toxocariasis is based on clinical, epidemiological and serological data (Magnaval et al. 2001 , Despommier 2003 . The enzyme-linked immunosorbent assay (ELISA) using excretory-secretory antigens from T. canis second-stage larvae (TES) is the most widely used test to detect anti-Toxocara antibodies, but there are other immunological tests that have also been described, such as the dot-ELISA and immunoblot methods (Camargo et al. 1992 , Magnaval et al. 2001 , Roldán et al. 2006 .
Human T. canis infection is a public health concern in the Americas, Europe and in all developing countries. However, a full appreciation of the global burden of the disease may be greatly underestimated (Hotez & Wilkins 2009) . For this reason, the development of specific, sensitive and reliable techniques to detect the presence of anti-Toxocara antibodies is an important step towards improving and expanding the diagnosis of infection (Roldán et al. 2006 ). This may be particularly relevant in the case of highly endemic populations, such as the northeastern region of Argentina. This area of South America contains a large number of people living with serious sanitary and socio-economic deficiencies and the seroepidemiological data show high prevalence rates of T. canis infection in the adult and infant populations (Alonso et al. 2000 , 2004 , López et al. 2005b , Bojanich et al. 2008 .
The aim of this work was to develop a dot-ELISA test for the serodiagnosis of human toxocariasis and to optimise the conditions for its use in public health centres with basic levels of equipment and few trained personnel. The performance of this test was evaluated in comparison to the standard ELISA test. Institute of Medicine. They were originally obtained to diagnose toxocariasis, but they were used anonymously for this work. The serologic statuses of the sera for T. canis infection were evaluated by a standard ELISA test, using pools of positive and negative sera confirmed by Western blot as controls (López 2005a) .
SUBJECTS, MATERIALS AND METHODS

Samples
Antigens -The TES antigens were obtained according to the technique described by Gillespie (1995) . TES were maintained at 37ºC with 5% CO 2 atmosphere and an adjusted pH of 6.4-6.5 in Iscove's modified Dulbecco's culture medium supplemented with HEPES buffer and a Penicillin-Streptomycin solution (St. Louis, MO, USA). The culture supernatant was removed weekly; the supernatant pool was kept at -70ºC. This was concentrated by filtration through polyethersulphone membranes (PM10-Millipore Corp, USA) and dialysed; the protein content was then estimated by the Bradford method with bovine albumin as the standard protein (Bradford 1976) .
ELISA-IgG test -Anti-Toxocara antibodies were detected by means of an ELISA-IgG test using TES antigens, according to the original procedure described by De Savigny et al. (1979) and with modifications made by Alonso et al. (2004) .
Dot-ELISA IgG test -The test was standardised according to the technique described by Roldán et al. (2006) , with the following modifications: circular areas 3 mm in diameter were delimited on strips of nitrocellulose paper (NC) (Bio-Rad Labs, Hercules, USA) that was 0.2 µm thick, 2 cm long and 0.5 cm wide. Then, 2 µL of 0.16 µg/mL, 0.30 µg/mL and 1.33 µg/mL TES concentrations were dotted onto each strip. After drying for 30 min, free binding sites were blocked by incubation in TRIS buffered saline (TBS) (pH 7.3) containing 5% fat free dried milk for 12 h at 4ºC. Finally, the strips were washed three times with phosphate buffered saline and were stored at 4ºC wrapped in aluminium foil.
The strips were placed in Western blot holders and 1 mL dilutions of either 1/50, 1/80 or 1/100 of sera and controls in TBS containing 1% fat-free dried milk were poured over the strips. After an incubation for 45 min at room temperature (RT) with constant agitation, the strips were washed three times with TBS containing 0.2% Tween-20 (TBS-T) for 5 min. Dilutions of either 1/1.000, 1/5.000 or 1/10.000 of peroxidase conjugated anti-human IgG (Sigma-Aldrich Co, Saint Louis, USA) in TBS were added to the strips. After incubating for 30 min with constant agitation, the strips were washed for 30 min with TBS-T. Next, 1 mL of a chromogen substrate solution was added to each strip and the mixtures were incubated for 10 min. The chromogen stock solution contained 6 mg of 4-chloro-α-naphthol (Pierce Inc, Rockford, USA) diluted in 2 mL of absolute methanol, 5 µL of 100-vol hydrogen peroxide and 10 mL of TBS. The reaction was stopped by washing with distilled water. All procedures were performed at RT. The strips were dried on filter paper and the development of blue dots was considered evidence of a positive result. The kappa index (k) was used to evaluate the degree of agreement between this method and the standard ELISA test.
RESULTS
The optimal concentration of the TES antigens tested on the NC strips was 1.33 μg/mL. The best dilution for the sera and controls was 1/80 and the ideal dilution for the conjugated anti-human IgG peroxidase was 1/5.000. The criteria used to define a sample as positive was the visual appearance of a bright blue dot of any intensity developed on the antigen area on each of the NC strips. The absence of any colour was considered a negative result (Figure) .
Out of 266 serum samples, 140 were positive in the ELISA-IgG test; 126 were negative. In the dot-ELISA IgG test, 125 were positive; 141 were negative. There were 227 sera (113 positive and 114 negative) that returned the same results by both methods (85% coincidence). The k concordance index was 0.72, meaning that there was a substantial degree of agreement between these two methods (95% confidence interval = 0.61-0.80).
DISCUSSION
The dot-ELISA test has been described as being an appropriate method for the detection of antigens or antibodies in several human and animal infectious diseases. For example, this test has been used to detect Neospora caninum antigens in dogs (Pinheiro et al. 2005) , as a multiple test for the simultaneous detection of Chagas disease, malaria and syphilis (Coelho et al. 2007) , as a quick test for detecting circulating Mycobacterium antigens in patients with pulmonary tuberculosis (El-Masry et al. 2008) , as a diagnostic test for neurocysticercosis (Shukla et al. 2008 ) and as a test for the early diagnosis of human leptospirosis (Blanco et al. 2009 ). The dot-ELISA test has also been used for human toxocariasis by Camargo et al. (1992) and Roldán et al. (2006) .
A comparison of the results of this study with the findings of Roldán et al. (2006) reveals that, although similar procedures were employed in both studies, there are some major differences. Roldán et al. (2006) evaluated patients with clinically confirmed toxocariasis and other helminth infections and they fixed 0.1 µg/ml of TES antigen with sodium carbonate-bicarbonate buffer onto the membranes. However, in this study, no fixing buffer was employed and the analysis of the performance of the test was based on results obtained with a previously characterised set of sera from a well-maintained serum-bank instead of sera from patients.
An important problem when attempting to evaluate serological tests for human toxocariasis is that there is no reference laboratory test or parasitological method to definitively diagnose the disease (Chieffi et al. 2009 ).
Dot-ELISA test for toxocariasis. The blue spots show a positive reaction. Lanes 1-8: serum samples. N: negative control; P: positive control. Thus, it is not possible to evaluate the performance of a test by comparing it to another with unquestionable results. For this reason, the ELISA-IgG test was chosen as a reference in this work based on the high degree of correlation demonstrated with the Western blot method (López et al. 2005a , Roldán & Espinoza 2009 , which is considered a confirmatory test (Magnaval et al. 2001) ; additionally, the ELISA-IgG test is the internationally accepted diagnostic test. The k concordance index has been described as a way to comparatively analyse the agreement between two diagnostic tests with qualitative results (positive or negative). In this case, the degree of concordance was good (k = 0.72). Therefore, there should be no impediment for the use of the dot-ELISA as a screening test in field surveys for T. canis infection.
Even though some differences have been identified regarding the sensitivity and specificity of the dot-ELI-SA test in its different applications (Camargo et al. 1992 , Pinheiro et al. 2005 , Roldán et al. 2006 , Coelho et al. 2007 , El-Masry et al. 2008 , Shukla et al. 2008 , Blanco et al. 2009 ), it presents many advantages as a basic diagnostic test. For example, it is highly stable, it does not require specialised tools to analyse the results, it has a lower cost and it can be simultaneously applied to a large number of samples by a basically trained technical staff (Roldán et al. 2006 , Chieffi et al. 2009 ).
In recent years, there have been important methodological advances in the diagnosis of many infectious diseases, but there are innumerable difficulties in the laboratory diagnosis of toxocariasis due to the laborious production of the antigens or the high costs of commercial diagnostic kits (Colli et al. 2010) . Toxocariasis is one of the few human parasitic diseases that uses a standardised antigen (i.e. TES) for the serodiagnosis of infection and this assists in determining the global occurrence of the disease and of the infection rates in many countries (Smith et al. 2009 ). In developed countries, such as the United States, it has been reported that toxocariasis is still under-recognised as a health problem (Hotez & Wilkins 2009 ). Furthermore, in developing countries, toxocariasis is a largely neglected parasitic infection with serious implications to public health (Delgado & Rodriguez Morales 2009) . Recently, it has been reported that the estimated global seroprevalence of toxocariasis in Latin America ranges between 1.8-66.6% (Rodriguez Morales et al. 2011) . Therefore, a better understanding of its epidemiologic relevance and an improvement in the availability of serodiagnosis is needed to achieve the control of this zoonosis.
Although the socio-economical and environmental conditions in several regions of Argentina suggest that toxocariasis is an endemic disease in these areas (Martin et al. 2008) , accurate serological diagnosis is not available in most of the public health centres and access to medical diagnosis is variable for many segments of the population. For this reason, we believe that the dot-ELI-SA test described here would be a suitable tool for the diagnosis of toxocariasis, particularly in populations with high levels of exposure to the parasite. This test could be extensively employed in primary health care centres to expand the epidemiological surveillance in the country.
The recognition of toxocariasis as an extended parasitic disease would be the first step in national efforts to defeat this neglected infection.
